Public sufey wireless networks (PSttns) pray a vital role in the operation of emergency ugencies. In this paper, we describe analysis and modeling of traflc data collected from E-Comm, the public safety wireless network deployed in Southwestem British Columbia. We also introduce a newly developed wide area radio network simulator, named WamSim. The simulator is used to validate n-afic models and to evaluate andpredict the performance of fhe E-Comm network.
Introduction
Sharing vital voice information via radio in a timely and reliable manner is critical for operations of various pubIic safety agencies, such as law enforcement, fire departments, and emergency medical services. Hence, public safety wireless networks (PSWNs) employed for on-scene communications play an important role in ensuring public safety. Public safety community has identified the limited and fragmented radio spectrum as one of the key issues that adversely affect public safety wireless communications [I] . The emergency wireless communication service providers are also concerned with the spectrum shortage and the high cost of deploying and operating voice channels. For example, emergency agencies covering city of Vancouver, British Columbia, share only eleven wireless voice channels. We use a modelinghimulation approach and a customized simulator (WamSim) to evaluate and predict the performance of the Emergency Communications for Southwestern British Columbia (E-Comm) PSWN.
In Section 2, we describe the structure of E-Comm network. We introduce the design and implementation of WarnSim in Section 3. E-Comm traffic data analysis and modeling are presented in Section 4 and Section 5, respectively. We present simulation results in Section 6
Public safety wireless network
The E-Comm network is a public safety wireless network currently deployed in the Greater Vancouver Regional District of British Columbia, Canada.
As its infiastmcture wireless radio network, EComm utilizes Enhanced Digital Access Communications System (EDACS), manufactured by MA-Corn. The architecture of EDACS is shown in Fig. I call for the entire duration of the conversation. Because gaps of silent periods usually exist during a conversation, occupymg the channel during the entire conversation time is inefficient in terms of channel utilization. With transmission trunking, the radio channel is automatically released as soon as the caller completes the sentence and releases the push-to-talk (PTT) button. The next speaker may begin a call by pushing the PTT button on hisher radio device. The system then checks the channel availability and assigns one or more channels to the call. Transmission trunking is 20-25% more efficient than message trunking.
Simulcast: System (cells) in the E-Comm network are simulcast systems that employ multiple repeaters to transmit and receive identical audio and data information over the same carrier frequency. Simulcast systems are used when it is necessary to use a limited number of frequencies to cover an area too large for a single repeater.
Talk puup:
In the E-Comm network, talk groups are defined at various levels for better coordination of operations: agency level, fleet level, and sub-fleet level. Each radio device belongs to one or more talk groups and may be switched between talk groups.
Group Cail: A group Cali is the standard call type in the E-Comm network. Call recipients are members of a talk group. The advantage of a group call is that'it eliminates the need for radio users to know the target device number in order to reach an individual user. Users can call a target group without a need to know the current members of the group. It is important to note that a single call might use several channels simultaneously. If all users of a talk group reside within a single system, the network controller will allocate one fiee channel to the call. However, if members of a talk group are distributed across several systems, the network controller will allocate to the call a free channel in each system. Mobiiity of radio devices and call handover: Mobility of radio devices and call handover are two major concerns for micro-cell cellular networks. However, they are of little importance in the E-Comm network. The EComm network is a wide area radio network with each system covering a citywide area. Because an emergency call lasts 3.8 seconds on average, there is only a negligible probability that one radio device moves between two systems during such a short time.
WarnSim: a simulator for PSWN
Several network simulation tools are currently available for simulating packet-switched networks (OPNET, ns-2, and J-Sim). However, they are not suitable for simulating circuit switched networks such as a P S W . Hence, we developed WarnSim, an effective, flexible, and easy to use tool to simulate PSWN systems. 
II
WamSlm simulation results
Fig. 3. WamSim: simulation result (blocked calls).
WarnSim supports functionalities of a typical simulator. It consists of seven modules:
Network module models the systems. It tracks the status of the systems, distributes calls to covered systems, and periodically updates channel status in each system.
Call traflc module prepares call traffic for simulation. It either generates call traffic based on userdefined distributions or imports traffic trace files fiom text fileddatabases.
Cull admission control module communicates with the call traffic module and the network module to determine if there are available channels for a call to be established. It also manages the retrying mechanism of blocked calls.
Simulation conJiguration module keeps track of parameters such as simulation duration and interval.
SimuIation process module uses a timer to control and synchronize the operation of the WarnSim modules.
Simulation statistics module collects real-time and The raw traffic data contain 26 data fields, 6om which we extracted fields and records of interest. A sample shown in 
Call traffic modeling
We consider several call traffic models and use the maximum likelihood estimation (MLE) and KolmogorovSmimov (K-S) goodness-of-fit test [6] We investigate the call holding time of the E-Comm traffic on the agency level. We model the busy hour traffic of the two heaviest user agencies (Agencies 2 and 5 ) that account for 80-90% of the overall call traffic. We first extract 500 sequential data samples (call holding times) fkom the traffic data. We select a candidate distribution (exponential, lognormal, or gamma) and use the MLE to estimate its parameters. The K-S goodnessof-fit test is used to evaluate the candidate distribution. Results listed in Table 3 Table 4 shows that both exponential and gamma distributions are adequate to model the call inter-arrival time. We use exponential distribution because of its simplicity. I Agency 2 I Distribution Darameters and the K-S test 1
Simulation and prediction
After validating the implementation of WarnSim, we use WarnSim to validate the proposed traffic model and to evaluate and predict E-Comm network performance. In the simulation experiments, we assume that the call coverage pateem remains unchanged. Validation of the proposed pafie model: We use WarnSim to generate traffic traces and compare them with the collected E-Comm traffic data. Systems and channels, shown in Table 6 , reflect the configuration of the E-Comm network. WarnSim distribution parameters listed in Table 7 are used for the call generator to model busy hour traffic &om the 2003 dataset. Simulation results shown in Table 8 indicate that the proposed traffic model performs adequately when used to evaluate call blocking probability and channel utilization in the E-Comm network. Table 6 . System IDS and number of channels. Evaluation of E-Comm network perjhmance: We analyze the relationship between channel utilization, call blocking probability, and the number of channels, as well as the relationship between call blocking probability and the maximum call queuing time. Table 6 shows the default number of channels in each system. Figs. 6 The simulation results shown in Table 10 indicate that the'call blocking probabilities of four systems (IDS 1, '2, 4, and 9) visibly increase with the increase of call traffic. Further simulations revealed that in order to maintain call blocking probabilities of every system beIow the required 3%, Systems 1,2,4, and 9 require 4,2, 1, and 3 additional channels, respectively. In this paper, we described the structure of the EComm network and performed analysis of the E-Comm traffic data. We developed a model of call traffic on the agency level. The lognorrnal distribution proved appropriate to model the call holding time, while the exponential distribution was suitable to model the call inter-arrival time.
In order to evahate and predict the performance of the E-Comm network, we developed a new simulation tool named WamSim and used it to validate the proposed traffic models. We evaluated the performance of the EComm network and confirmed its capability to handle busy hour traffic. We also predicted performance of the E-Comm network by increasing the number of channels (network capacity) needed to accommodate the increased volume of cal1 traffic.
